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Abstract

Gold Nanoparticles (GNPs) are gaining more attention in the field of nanomedicine, particularly in
targeted drug delivery and diagnostic probes. More recently, GNPs have been applied in the emerging
area of RNA nanotechnology. We studied the effect of 10 nm and 50 nm GNPs on total RNA yield from
liver and kidneys of rats. The rats were intraperitoneally injected with 10 nm or 50 nm GNPs for 1 or 5
days and the samples of livers and kidneys were collected 24 h after the last injection. Small portions of
tissues were immediately submerged in RNAlater RNA stabilization reagent for in situ stabilization of
cellular RNA. Total RNA was extracted using RNAeasy kit and the yield and purity of RNA were
measured using a nanodrop spectrophotometer. The total RNA yield was several folds higher from liver
as compared to kidneys of rats. Treatment of rats with 10 nm and 50 nm GNPs did not affect the RNA
yield from liver whereas the 50 nm GNPs significantly reduced the RNA yield from the kidneys of rats.
There was a significant decrease in GAPDH expression in liver and kidney of rats treated with 50 nm
GNPs, at day 1 post-dosing.
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Introduction
In recent years, the production of engineered nanoparticles has
progressively increased due to their applications in various
fields such as medicine, electronics, cosmetics, bioremediation,
coatings, paints, food industry and water treatment [1-8].
However, massive use of nanoparticles without knowing their
toxic effects might pose potential hazardous impact on human
health and environment. More recently, RNA nanoparticles are
gaining interests due to their potential applications in
nanomedicine [9,10]. Notwithstanding much technological
advancement, our knowhow about the toxicological effects of
nanoparticles is quite narrow and so far there are no specific
guidelines about the use of engineered nanoparticles. Being the
two sides of the same coin, nanomedicine and nanotoxicology
should be prudently applied in order to maintain the worth of
this coin [11].

The unique properties of Gold Nanoparticles (GNPs) on the
aspects of biocompatibility, resistance to oxidation, high
surface reactivity and flexibility in functionalization render
them as promising therapeutic and diagnostic tools in
nanomedicine [12,13]. GNPs modified by branched
polyethyleneimine have been used as efficient and safe
intracellular delivery carriers for siRNA [14]. GNPs-assisted
photo-controlled intracellular RNA delivery has been reported
to be a promising strategy with high target specificity [15].
Recently, magnetic GNPs have been applied for delivery of

siRNA for efficient silencing of oncogenes [16]. Jackson et al.
[17] have developed DNA-functionalized GNPs for
multiplexed detection of mRNA expression in live breast
cancer cells using flow cytometry and fluorescence
microscopy. Yang et al. [18] have reported a sensitive and
specific detection method for quantification of microRNA
using GNP probe. Exposure of GNPs has been shown to alter
the expression of mRNA of various genes both in-vivo and in-
vitro [19-25]. In this investigation, we studied the effect of
GNPs on total RNA yield from liver and kidneys of rats.

Materials and Methods

Animals and treatment groups

The study was conducted on adult male Wistar rats (body
weight 230 ± 20 g), obtained from the Laboratory Animal
Centre, College of Pharmacy, King Saud University, Riyadh.
The animals were maintained in a humidity- and temperature-
controlled room with 12 h light/dark cycles and with free
access to standard laboratory food and tap water. The animals
were randomly divided into 5 groups of 5 animals each. Group
1 served as control and received vehicle only. Two groups were
treated with GNPs (10 nm diameter) for 1 day (Group 2) or
daily for 5 days (Group 3). The remaining two groups received
GNPs (50 nm diameter) for 1 day (Group 4) or daily for 5 days
(Group 5).
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Dosing of gold nanoparticles
Commercially available GNPs of 10 nm diameter (MKN-
Au-010 of concentration 0.01% Au) and 50 nm (MKN-Au-050
of concentration 0.01% Au) were purchased from MK Impex
Corp., Ontario, Canada. Doses of 50 µl of 10 nm and 50 nm
GNPs in aqueous solution were administered to animals via
intraperitoneal injection daily for 1 or 5 days. This dose
regimen was approximately equivalent to 5 µg/animal of 10
nm GNP (number of particles, 2.85 × 1011) or 50 nm GNP
(number of particles, 2.25 × 109). All experiments were
conducted in accordance with guidelines approved by our
Institutional Animal Care and Use Committee.

Sampling and storage
The rats were sacrificed 24 h after the last injection of GNPs
and specimens of liver and kidneys were isolated. Immediately
after harvesting, small portions of tissues (approx. 30 mg) were
immediately submerged in RNAlater RNA Stabilization
Reagent (Qiagen), which rapidly permeates the tissues to
stabilize and protect cellular RNA in situ. Tissues protected in
RNAlater were stored at 4°C until RNA extraction. The
RNAlater technology allows large numbers of samples to be
easily processed and replaces inconvenient, dangerous, and
equipment-intensive methods, such as snap-freezing of
samples in liquid nitrogen, storage at-80°C, cutting and
weighing on dry ice, or immediate processing of harvested
samples.

Purification of total RNA from liver and kidney
We used RNAeasy kit (Qiagen) for purification of total RNA
from animal tissues. The RNeasy procedure represents a
microspin column-based technology for RNA purification,
using the selective binding properties of a silica-based
membrane and successive centrifugations. The RNAlater-
stabilized tissue (approx. 20 mg) was disrupted in 600 µl
Buffer RLT (contains guanidine thiocyanate and β-
mercaptoethanol) and homogenized using Ultraturax
homogenizer. The homogenate was centrifuged at 10,000 rpm
for 3 min and the supernatant was carefully removed and
transferred to a new microcentrifuge tube. An equal volume of
70% ethanol was added to the clear supernatant and mixed
immediately by pipetting. Ethanol helps in creating conditions
that promote selective binding of RNA to the RNeasy
membrane. Up to 700 μl of the above solution was transferred
to an RNeasy spin column placed in a 2 ml collection tube and
centrifuged at 10,000 rpm for 15 s. After discarding the flow-
through, 700 μl of Buffer RW1 were added to the RNeasy spin
column and centrifuged at 10,000 rpm for 15 s to wash the spin
column membrane. After discarding the flow-through, 500 μl
of Buffer RPE were added to the RNeasy spin column and
centrifuged at 10,000 rpm for 15 s to wash the spin column
membrane. RPE washing was repeated with the same volume
of buffer but increased centrifugation time (2 min). The
RNeasy spin column was removed and placed in a new 1.5 ml
collection tube. After adding 30 μl RNase-free water to the

spin column membrane, the tube was centrifuged at 10,000
rpm for 1 min to elute the RNA.

Determination of RNA yield and purity
The RNA yield and purity were determined
spectrophotometrically using a Nanodrop spectrophotometer
(Thermo Fisher). RNA is known to have a maximum
absorption (λmax) at 260 nm. An absorbance at 260 nm (A260)
reading of 1.0 is equivalent to about 40 µg/ml of RNA, was
used to determine the RNA concentration in the solution. To
assess the purity of RNA preparation, the ratio of the
absorbance at 260 and 280 nm was used. Pure RNA has an
A260/A280 of around 2.0.

Gene expression analysis
We used one of the house-keeping genes, Glyceraldehyde-3-
Phosphate Dehydrogenase (GAPDH), to determine the
integrity of extracted RNA. The GAPDH gene expression was
analysed by real-time PCR in a 20 µl reaction mixture
containing 0.25 µM of forward and reverse primers, 2 µl of
RNA template and 12.5 µl SybrGreen real-time PCR
MasterMix (Applied Biosystems, USA). The reaction mixture
was incubated at 50°C for 30 min and then at 95°C for 10 min,
for reverse transcription and polymerase enzyme activation,
respectively. The subsequent cycling conditions were as
follows: 45 cycles of 95°C for 15 s, 60°C for 20 s, and 72°C
for 60 s. The GAPDH primers sequences were: forward primer,
5-GTA TTG GGC GCC TGG TCA CC-3 and reverse primer,
5-CGC TCC TGG AAG ATG GTG ATG G-3.

Statistics
The data were analysed by one-way Analysis of Variance
(ANOVA) followed by Dunnett’s multiple comparison test
using SPSS statistical package. Pearson’s test was used for
correlation study. P values<0.05 were considered as
statistically significant.

Results
The total RNA yield from the control rat liver was 1165.2 ±
283.1 µg/ml, which was slightly reduced by 10 nm GNPs
(888.4 ± 206.3 µg/ml) and 50 nm GNPs (799.1 ± 61.3 µg/ml )
on day 5 (Table 1); however this reduction was not statistically
significant (ANVOA F=0.784, P=0.549). The A260/A280 ratio
for the RNA extracted from liver samples ranged from 2.034 to
2.112, indicating sufficient purity of extracted RNA (Table 1).
The total RNA yield from the control kidney was 143.6 ± 16.8
µg/ml, which was significantly reduced (ANOVA F=3.983,
P=0.016) by 50 nm GNPs (58.2 ± 12.1 µg/ml) (Table 2). The
A260/A280 ratio for the RNA extracted from kidney samples
ranged from 2.078 to 2.122, indicating sufficient purity of
extracted RNA from kidneys (Table 2). Figure 1 shows a
comparative view of total RNA yield from liver and kidney
samples.

There was a significant reduction in GAPDH gene expression
(high Ct value) in livers of rats treated with 50 nm GNPs, day 1
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post-dosing (ANOVA F=3.799, P=0.02). The same group of
rats also showed significant reduction in GAPDH expression in
kidneys as well (ANOVA F=3.986, P=0.001) (Figure 2). In
livers, the total RNA levels were not correlated with GAPDH
expression (R=0.013, P=0.950) whereas in kidneys, there was
a significant correlation between total RNA and GAPDH
expression (R=-0.739, P=0.001).

Figure 1. Total RNA yield from liver and kidney samples of rats
treated with gold nanoparticles. Values are means ± SEM. *P<0.05
vs. respective control group using Dunnett’s test.

Figure 2. Effect of gold nanoparticles on GAPDH expression in liver
and kidneys of rats. Data were normalized as percent Ct (threshold
cycle). Values are means ± SEM. *P<0.05 and **P<0.01 vs.
respective control group using Dunnett’s test.

Discussion
Our results showed several folds higher RNA yield from liver
as compared to kidneys of rats (Figure 1). Liver is the major
organ where most of the metabolic activities take place
resulting in massive turnover of mRNA of a large number of
genes. On the other hand, kidney is mainly an excretory organ
with the involvement of comparatively less number of genes
expressions. With the RNeasy procedure, all RNA molecules
longer than 200 nucleotides are purified. The procedure
provides enrichment for mRNA since most RNAs<200
nucleotides (such as 5.8S rRNA, 5S rRNA and tRNAs, which
together comprise 15-20% of total RNA) are selectively
excluded from the lysate. Poor RNA yield from the kidney
tissues may partly be due to the fact that we collected kidney
tissue from the cortex region. Previously we have shown that
kidney medulla has more intense gene expression as compared
to kidney cortex [26].

Degradation of mRNA is an important component of gene
function that controls the steady-state concentration of
functional transcript levels in the cell [27]. Although majority
of transcripts are stable, specific half-life of each mRNA is

precisely related to its physiological role [28-30]. For instance,
most of the housekeeping genes have longer mRNA half-lives
whereas proteins that are required for a limited time in the cell
often have mRNAs with shorter half-lives [31]. Sharova et al.
[32] successfully determined the rate of mRNA decay for
19977 non-redundant genes by microarray analysis of RNA
samples obtained from mouse embryonic stem cells. Median
estimated half-life was 7.1 h and only<100 genes, including
Prdm1, Myc, Gadd45 g, Foxa2, Hes5 and Trib1, showed half-
life less than 1 h. In general, mRNA species with short half-life
were enriched among genes with regulatory functions
(transcription factors), whereas mRNA species with long half-
life were enriched among genes related to metabolism and
structure (extracellular matrix, cytoskeleton) [32].

Administration of GNPs did not affect the yield of RNA from
liver (Table 1) whereas the 50 nm GNPs significantly reduced
the yield of RNA from kidneys, on day 1 but not after day 5
(Table 2). This could be due to an acute phase response on the
expression of some specific genes. Previous studies have
shown an acute phage induction of proinflammatory cytokines
by GNPs in rat liver and kidneys [23]. Earlier we have shown
that the proinflammatory response on day 1 was comparatively
more severe with 50 nm GNPs than 10 nm GNPs [24]. Particle
size plays a key role in immunoreactivity because of the
differential deposition of complement proteins that is affected
by the size of nanoparticles. The complement system plays an
important role in uptake and clearance of nanoparticles as well
as the modulation of immune response [33]. Intraperitoneal
injection of 10 nm diameter GNPs significantly increased liver
malondialdehyde without altering glutathione levels in rat
liver, on 3 and 7 days post-dosing [34]. Nanogold flakes
ameliorated alcohol-induced liver injury by maintaining the
hepatic antioxidative status [35].

The results of GAPDH expression in kidneys (Figure 2)
correlated with the total RNA yield from the same organ (Table
2). However, such a correlation was not observed in liver of
rats. This could be due to sub-acute liver injury induced by
GNPs leading to vacuolated swelling of the cytoplasm of the
hepatocytes [36]. Impact of altered organ weight on RNA yield
from organs of GNP-treated rats may be ruled out as previous
studies failed to notice any change in liver and kidney weights
of animals treated with GNPs. In rats, 14 days of repeated oral
administration of 5-15 nm diameter GNPs (325-1300 μg/kg)
did not produce any significant change in organo-somatic
index (weight of organ/body weight × 100) of brain, kidney,
intestine, liver, lung, spleen and stomach [37]. In mice,
intraperitoneal administration of GNPs (1100 μg/kg for 28
days) did not affect the weight of various organs including
liver and kidneys [38].

We used RNAlater technology for RNA stabilization, which is
an absolute prerequisite for reliable gene expression analysis.
Immediate stabilization of RNA in biological samples is
important because, after harvesting the samples, alterations in
gene expression pattern occur due to RNA degradation as well
as due to transcriptional induction. These alterations
significantly affect the accuracy of results and must be avoided
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for reliable gene expression analysis. The RNAlater technology
is based on RNA stabilization reagent, which ensures
immediate preservation of the gene expression pattern in
animal tissues enabling reliable gene expression analysis. After
harvesting, the respective tissues are immediately submerged
in appropriate volume of RNA stabilization reagent for rapid
permeation into tissues causing in-situ stabilization and
protection of cellular RNA. According to manufacturer’s
guidelines, the reagent preserves RNA for up to 1 day at 37°C,
7 days at room temperature and 4 weeks at 2-8°C, allowing
transportation, storage, and shipping of samples without ice or
dry ice.

In conclusion, the total RNA yield was several folds higher
from liver as compared to kidneys of rats. Treatment of rats
with 10 nm and 50 nm GNPs did not affect the RNA yield
from liver whereas the 50 nm GNPs significantly reduced the
RNA yield from the kidneys of rats. The expression of house-
keeping gene, GAPDH, was significantly reduced in livers and
kidneys of rats treated with 50 nm GNPs, day 1 post-dosing.
Further studies are warranted to investigate the impact of
GNPs exposure on RNA yield from different organs of rats.

Table 1. Total RNA extraction from liver of rats treated with gold nanoparticles.

Group RNA yield (µg/ml) A280 A260 A260/A280

Control 1165.2 ± 283.1 14.26 ± 3.39 29.12 ± 7.07 2.034 ± 0.003

GNP10, Day 1 1030.4 ± 110.1 12.21 ± 1.36 25.72 ± 2.75 2.112 ± 0.001

GNP10, Day 5 888.4 ± 206.3 10.70 ± 2.49 22.16 ± 5.15 2.070 ± 0.003

GNP50, Day 1 1153.1 ± 170.7 13.84 ± 2.12 28.82 ± 4.27 2.090 ± 0.001

GNP50, Day 5 799.1 ± 61.3 9.53 ± 0.61 19.92 ± 1.53 2.084 ± 0.002

Table 2. Total RNA extraction from kidney of rats treated with gold nanoparticles.

Group RNA yield (µg/ml) A280 A260 A260/A280

Control 143.6 ± 16.8 1.693 ± 0.201 3.591 ± 0.423 2.122 ± 0.005

GNP10, Day 1 161.8 ± 22.5 1.925 ± 0.264 4.048 ± 0.563 2.102 ± 0.003

GNP10, Day 5 120.1 ± 23.6 1.423 ± 0.281 2.994 ± 0.591 2.106 ± 0.005

GNP50, Day 1 58.2 ± 12.1* 0.697 ± 0.141* 1.449 ± 0.298* 2.078 ± 0.018

GNP50, Day 5 134.2 ± 21.6 1.594 ± 0.261 3.355 ± 0.542 2.106 ± 0.008

*P<0.05 vs. control group using Dunnett’s test.
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